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Abstract 

In the vertically integrated power sector, the distribution system serves as the link between customers and the 
transmission network. Different load models, including industrial, residential, and commercial, are taken into 
account within the distribution systems. The loading pattern of these load models varies with a large range 
according to the peak hours. During peak load conditions, the voltage magnitude of some nodes exceeds the 
permissible limit of voltage value. It affects the voltage stability of the distribution system, leading to decreased 
reliability, heightened power losses, diminished voltage stability, and other safety concerns. Optimal 
placement of capacitors, applying DGs, using FACTS devices, and Distribution Network reconfigurations are 
possible to reduce the power loss. This paper focuses on reducing power loss and enhancing the voltage profile 
and stability of the system. It addresses the technical, economic, and environmental benefits of the distribution 
system through appropriate placement and sizing of DG and DSTATCOM units in a coordinated manner. The 
issue is approached as a Multi-Objective Optimization Problem (MOP) and is tackled through the application 
of the Group Teaching Optimization (GTO) algorithm, an innovative metaheuristic method. A numerical 
illustration utilizing an IEEE 69-node system is examined, and the simulated outcomes are presented in 
tabular form. These results are then juxtaposed with findings from comparable methodologies outlined in 
existing literature. 

Keywords: Distribution systems, Benefits of RDS, voltage stability, DG and DSTATCOM placement, Power 
loss minimization and Group Teaching Optimization algorithm. 


1. Introduction 


In the regulated power industry power distribution 
networks commonly employ with radial structure. 
Due to inappropriate design and planning of 
distribution networks the power system would face 
some problems. Incorporating diminished reliability, 
amplified power loss, diminished voltage stability, 
and various safety concerns, the distribution system 
grapples with multiple issues. Over time, power loss 
minimization has remained a significant priority for 


distribution system operators. To address this, 
strategies such as capacitor placement, deployment of 
Distributed Generators (DGs), utilization of Flexible 
AC Transmission Systems (FACTS) devices, and 
Distribution Network Reconfiguration (DNR) have 
been employed. The Voltage Stability Index (VSI) 
plays a crucial role in identifying the best locations 
for capacitors and DG units to enhance overall system 
voltage stability. Additionally, it works towards 
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reducing network losses and improving the cost 
savings of the system. [1]. Researchers developed 
diverse strategies to maximize the techno-economic 
benefits of radial distribution systems (RDS). 
Optimal positioning of DG units within an RDS can 
mitigate power losses and improve the voltage profile 
of the distribution network, employing an opposition- 
based tuned-chaotic differential evolution method. 
1], Multi-Objective Whale Optimization Algorithm 
2] and ant Lion Optimization [3] have been applied 
to enhance the techno-economic environmental 
benefits. Modified Shuffled Frog Leaping Algorithm 
4], Wind-driven optimization [5]. and PSO 
technique with adaptive inertia weight [6]. The 
methods employed have been utilized for 
determining the aim is to optimize the sizing and 
placement of DGs and DSTATCOM units within 
RDS, to maximize technical, economic, and 
environmental benefits. [7]. Metaphor-less-based 
Artificial intelligence [10] the approach is utilized to 
decrease power losses, enhance the voltage profile, 
and improve the voltage stability index of the RDS. 
This is done while also considering the overall 
economic benefit through network reconfiguration 
and the integration of Distributed Generators. (DGs) 
and Distribution Static Compensator (DSTATCOM) 
units. (DSTATCOM) units placed in optimal 
positions by applying the Rao-1 method [5] and 
Gravitational Search Algorithm [11]. Manta Ray 
Foraging Optimization [12] and Multi-Objective Salp 
Swarm Algorithm [13] have been used to determine 
the parameters that comprise Real Power Loss, Short 
Circuits, Voltage Deviation, Net Savings, and 
Environmental Pollution Reduction levels. By 
strategically allocating distributed static 
compensators and wind [8] turbine-type distributed 
generation within the distribution network, the goal is 
to effectively tackle the challenge of optimal 
deployment [9]. This aims to enhance the voltage 
profile, minimize losses, maximize economic 
benefits, and reduce pollution levels, employing the 
rooted tree optimization technique. [14] To mitigate 
concems related to voltage stability and maximize 
economic benefits in radial distribution systems 
(RDS), this study employs an established framework 
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utilizing the GTO algorithm, known for its efficacy. 
The planning considerations specific to RDS are 
thoroughly investigated to assess the proposed 
approach. Simulation results validate the algorithm's 
effectiveness in identifying optimal network 
reconfiguration, along with placement and sizing of 
distributed generation (DG) and Distribution Static 
Synchronous Compensator (DSTATCOM) in radial 
distribution systems [16]. 
2. Problem Formulation 

2.1 Voltage Stability Indices (VSI) 

The VSI of the proposed problem can be 
mathematically reported as can be defined as [9], 


VSI(m2)= vimy —4.0{P(m2)x(jj)—O(m2)r GP 


—4.0 {P(m2)r( j)+O(m2) x(H)}|V( mi) (1) 
2.2 Objective functions 

The objective of this study is to offer a novel MOF 

that maximizes APL, NSL, SCL, VDL, and EPRL to 

solve the challenge of determining the ideal size and 

position of DG and/or DSTATCOM units. This 

formulation can be expressed as follows: 


(a,,APLL,; + .VDL; +a5.SCL;, 


'NBus ia 
ce neh a +a,.NSL; ;.;,EPRL,) 
2.3 Equality constraints 
The power balance equations are used to describe 
equality constraints: 


Pg + Pog = Pp + Pross (3) 
Qg + Qsrarcom = Qn + Qross (4) 
2.4 oe constraints of distribution line 
Bus Voltage : Vinin < |Vil < Vinax (5) 


Voltage drop limitation : |V, — Al <AVnax (6) 


Line Capacity : |Sij| < |Smaxl (7) 
3. Group’ Teaching Optimization (Gto) 
Algorithm 


3.1 Proposed GTO algorithm 
The suggested GTOA is regarded as an excellent 
concept that aims to enhance the class's collective 
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learning abilities and knowledge by modeling the 
group teaching process. As there are differences 
among students, considering those differences is an 
important factor in implementing the group teaching 
mechanism and also it is rather complicated in 
practice. Hence considering the above is an essential 
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criterion in students’ learning process. The four rules 
of GTO are properly reported in the reference [15] 
and the structure of the GTO is shown in Figure 1. 
This GTO has four phases and is mathematically 
represented as follows. 


\ 


—> Teacher phase I = Student phase I 


—— 
> Spas 


© —> Teacher phase I] —p, 


trl Students (t*1) 


© Average student @ Teacher 


Figure 1 Framework structure of the GTO algorithm 


3.2 Mathematical 
algorithm 
3.2.1 Ability grouping phase 
Without compromising generality, it is anticipated 
that the class's collective knowledge will be dispersed 
properly. The normal distribution can be described as 


uP 


formulation of GTO 


3.3 Teacher phase 
The knowledge of the students is obtained using 
teacher phase -1 and Teacher phase 
mathematically defined as 


-2 are 


Teacher phase I 

Moen xitax(T —Fx(bx Mt +exx‘)) (9) 
12 

M=—>) x (10) 


b+c=1 (1) 
Teacher phase II 
xt neu = xi +2xdx(T'— x!) (12) 


Where d is a random number in the range [0,1]. 
Additionally, a student's knowledge acquisition 
through the teacher phase may be Limited or lesser. 


r41 rt 
sat Xicdenent eS (eicaeners) <F(x%) 
3 = : 13 
ses = [te ey et) 
3.3.1 Student phase 
The student phase of the GTO is represented as 
xl Ce +ex Get. i= Xie ) 
amici xi ex (xt em jl 
sexe x) seg. )< eee 
" " (14) 
+ 8% (eine HS (ete) 2 S lett s) 
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In addition, a student can use it effectively and may 
not acquire knowledge at the student phase. an 
example can be taking the minimal problem 


ttl tel tel 
ttl ae | om )< fee...) 
i Yt tl tl (15) 
Xsrudents oS a je f ei.) 
3.3.2 Teacher Allocation Phase 


Based on the defined fourth rule of teacher allocation 
phase can be expressed as. 


f(e,)s [2am tee} 


3 


, “sle)>f Poste Tee) 
(16) 
3.4 Implementation of GTO algorithm 
A multi-objective GTO algorithm is used to assess 
the techno-economic and environmental benefits of 
the suggested test system. This strategy includes 
reducing power loss, improving node voltage, and 
placing and sizing DGs and DSTATCOM units in 
radial distribution systems in the best possible ways 
[17]. 
a) Asa first step, read the system information 
like line data, bus data, base MVA, base 
KV, and rating of RDS, upper and lower 
limits of DG, and DSTACOM. 
b) Execute the load flow analysis using 
distribution load flow for the base case. 
c) Determine and fix the number of DG and 
DSTACOM are to be used in RDS 
d) Initialize the multi-objective GTO control 
parameters which include the maximum 
number of functions, population size, the 
limits of design variables (node number 
and size of the DG and DSTACOM 
respectively), dimension of the problem, 
and fitness functions. The population of 
GTO can be mathematically represented 
by 
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e) 


8) 


h) 


i) 


)) 


(17) 


xi, =1,+(u-1)xK 


(18) 


Set iteration=1. 

Calculate the fitness function of the 
proposed problem. i.e. techno-economic 
environmental benefits of the proposed 
network using various teacher and student 
phases by appropriate placing of DG and 
DSTACOM at their respective buses. The 
fitness function can be mathematically 
represented as follows. 

1 


Sitness= Thee 
1+ objective function (19) 


The fitness values of individuals are 
calculated and the optimal solution Gt is 
selected. The current number of function 
evaluations Tcurrent current is updated 
using 


Th, 


current 


Teurent N 


Current (20) 
If the current figure of operation 
assessment Tcurrent current is greater than 
the maximum number of operation 
evaluations Tmax, the algorithm ends and 
the optimal solution GT is outputted. 
Otherwise, go to step 9. 

Teacher allocation phase, the first three 
best individuals are selected. Then the 
teacher's Tt is calculated. 

Update the position of all phases. 

The fitness values of individuals are 
calculated using equation (21). 

I. = Toure t 2N +1 


Current — * Current (21) 
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1) Compute the present position of all phases 
of the multi-objective GTO algorithm. 
m) Check all constraints and the maximum 
number of iterations reached if yes move to 
the next step. Otherwise, go to step 6. 
n) Print the obtained results and stop 
4. Results and Discussions 
The performance of ALO is tested on a large-scale 
test of a 69- 69-node system to enhance the voltage 
stability and reduce the network losses. The system 
load demand is 3.80 MW and 2.69 MVAR. The line 
data and bus data of the projected test system are 
taken from the reference [12]. This system has one 
main feeder and seven laterals as shown in Figure 2. 
The applied GTO determines the best location and 
optimal value of both DG and DSTATCOM. 
Initially, DG and DSTATCOM are separately 
considered then both components are applied and 
find the optimal solutions. The voltage profile of 
combined DG and DSTACOM is. graphically 
reported in Figure 3. The proposed problem is 
considered as a multi-objective function and 


simulation results are displayed in Table 1, Table 2, 
and Table 3 respectively. These tables explain the 
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Optimal location of DG and DSTATCOM, Sizing of 
DG and DSTATCOM. Active Power Loss Level, Net 
Saving Level, Short Circuit Level, Short Circuit 


Level. Environmental Pollution Reduction Level, and 
Multi-objective function of the proposed test 
system [18]. The Convergence characteristics of the 
69-node system are displayed in Figure 4. 
Table 1 Simulation results of 69-node radial 
distribution system with DG units 
FA-SCAC- GIO’ 
Parameters (Proposed 
PSO 
method) 
Size in 0.3248 (12) | 0.80315 (16) 
MW (Bus) 0.3503 (21) | 0.34609 (64) 
1.6719 (61) 1.5635 (61) 
APLL (%) 76.2320 75.091 
NSL (%) 68.8215 66.828 
SCL (%) 1.1202 2.2202 
VDL (%) 64.4333 67.833 
EPRL (%) 27.3952 22.423 
MOF (%) 52.1346 52.146 


7 


Figure 2 Single line diagram of the 69-node radial distribution system 
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Figure 3 Voltage profile of 69-node radial distribution system 
Table 2 Simulation results of 69-node radial Table 3 Simulation results of 69-node radial 
distribution system with DSTATCOM distribution system with both DG and 
DSTATCOM 
GTOA 
GIOA FA-SCAC- 
FA-SCAC- Parameters (Proposed 
Parameters (Proposed PSO 
PSO method) method) 
DG: DG: 
0.3559 (17) 0.55334 (18) 
Size in 0.3868 (11) 0.42633 (18) 1.7539 (61) 1.3411 (9) 
MW (Bus) 0.2355 (20) 1.3292 (61) Size in 0.4070 (69) 0.31094 (10) 
1.2367 (61) _| 0.80619 (8) MW (Bus) | STATCOM: STATCOM: 
0.4007 (11) 0.18698 (10) 
APLL (%) 60.7892 60.311 0.2673 (17) 1.3285 (9) 
NSL (%) 35.4971 34.192 1.1588 (61) 0.33745 (17) 
SCL(% 3000 EER APLL (%) 97.7573 97.433 
%) ‘ : NSL (%) 97.7058 97.366 
VDL (%) 55.3286 55.098 SCL (%) 1.5814 1.5880 
EPRL (%) 49.5052 49.518 VDL (%) 96.0002 95.780 
EPRL (%) 24.1774 24.539 
MOF(%) 40.9729 40.98 MOF(%) 70.5975 70.631 
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From Tables 1, 2, and 3 (Combined DG and 
DSATCOM are connected) provides maximized 
technical, economic, and environmental benefits of 
RDS. The obtained results were also compared with 
the FA-SCAC-PSO algorithm to prove the efficiency 
of the proposed GTO approach. From the 
comparison, the applied GTO provides improved 
technical-economic and Environmental Benefits in a 
competitive environment [19]. 

Conclusions 

This paper solves the multi-objective voltage stability 
problem using the MOGTO approach. The 
compensators of DGs and DSTATCOM are used to 
enhance the voltage profile of RDS/ the projected 
technique has been implemented on the IEEE 69- 
node distribution test system with four different 
cases. The simulated results such as voltage profile. 
VSI, minimum VSI, active power loss, and techno- 
economic environmental benefits are compared with 
the FA-SCAC-PSO technique. The proposed GTO 
algorithm is one of the best meta-heuristic 
approaches for solving complex, multi-objective 
nonlinear optimization problems in under-regulated 
and deregulated environments. 
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